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Many observations indicate  that  immunological reactivity  is con- 
ditioned to some extent by the degree of sexual maturity.  In certain 
tropical and  arctic  communities where  scarlet  fever  and  diphtheria 
occur very rarely, negativity to both Schick and Dick  tests has been 
found  to  develop  at  puberty.  Certain  dermatomycoses  occur  ex- 
clusively in childhood and heal  spontaneously at puberty  (1).  The 
development of antibodies against  antigen with which contact is not 
ordinarily  established  has  been  found  to  be  similarly  conditioned. 
Conflicting interpretations of such observations are discussed by Man- 
waring (2), Jungeblut (3), and Herrman (4). 
The incidence, severity, and character of the manifestations of rheu- 
matic fever are  apparently influenced by factors associated with age 
and sex.  Most observers agree that the disease is chiefly prepubertal 
in origin, some studies (5, 6) indicating that 98 per cent of first attacks 
occur before the ages of 12 or 15.  These investigations also show that 
the tendency to relapse is greater in the cases earliest in onset and that 
in  childhood,  especially in  girls,  visceral  disease  (including carditis) 
occurs frequently with little or no concomitant arthritis.  Chorea de- 
velops much more commonly in females but is rarely encountered after 
puberty except as a  complication of pregnancy  (7).  Wilson, Lingg, 
and Croxford (6), among others, have stressed the fact that about the 
12th year the tendency to rheumatic infection begins to diminish.  A 
recent study by yon Eickstedt (8) concerning the influence of puberty 
showed that among 24 girls there were 16 recurrences of the disease in 
the 4  year period before puberty and none in the following 4 years; 
among 14 boys the figures were 11 before and 2 afterwards. 
The statement is frequently made that the incidence and severity 
339 340  SEXUAL  MATURITY  AND  REACTIVITY  TO  SERUM 
of rheumatic fever is greater in females than in males of all age groups. 
Although several general statistical compilations indicate that this is 
the case, a  critical review of the more reliable sources does not sub- 
stantiate  this  unqualified  conclusion.  While  most  investigations 
demonstrate that all of the rheumatic manifestations are more fre- 
quent and severe in girls than in boys under  12  years of age, those 
dealing with children under 15 or including all age groups are conflict- 
ing in their conclusions regarding the influence of sex factors.  The 
relatively greater drop in the incidence of the manifestations of rheu- 
matic fever in females at puberty may be attributed either to a greater 
influence of the attainment of sexual maturity in that sex or to the 
fact that while boys and girls are rather equally subjected to environ- 
mental factors, different influences are active in the two sexes in adult 
life; for although women are subjected to the varying influences of the 
menstrual cycle, men are somewhat more exposed to the stress and 
strain incident to hard labor and inclement weather. 
In the investigations dealing with the influence of age on the forma- 
tion of natural antibodies or on the response to active immunization 
(most recently summarized  1 by Freund  (9)  and Kligier and Olitzki 
(10)),  infants have been compared with adults, and both the interven- 
ing age periods and sex factors have, with few exceptions, been neg- 
lected.  The purpose of  the  present  experiments was  to study the 
influence of the phase of maturation in the two sexes. 
Friedberger (11), observing rabbits at intervals from birth to maturity, found 
that natural anti-sheep erythrocyte hemolysin (amboceptor) which was present at 
birth, disappeared  within 8 days and reappeared thereafter in gradually increasing 
titer until about the 88th day, with a subsequent slight fall.  The time of maxi- 
mal concentration coincided approximately with that at which sexual maturity 
is usually established. 
Kligler and Olitzki, in titrating antibodies following  subcutaneous injections of 
typhoid vaccine  in guinea  pigs weighing  from 245 to 770 gm., found that the highest 
titers were attained in animals of 475 to 520 gm. in weight.  Agglutinins  and com- 
plement increased in strength among younger individuals with increasing age: 
bacteriolysins  were  first detected in animals  weighing  300 gm.; and both agglutinins 
and bacteriolysins decreased slightly in those over 520 gm.  Sexual  maturity in 
1  Later observations showing differences in immunological  reactivity between 
young and mature rabbits were reported in two abstracts by Baumgartner and by 
Kahn and McDermott, at the 1934 meeting of the American Association of Im~ 
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guinea pigs, as indicated by the onset of estrus cycles, is attained at the earliest 
with a weight of 300 gin. and is rarely absent in animals weighing over 500 gin. s 
The  maximal increases  in  antibodies  described took place in this interval.  In 
rats ranging from 26 to 114 gin. in weight, similarly immunized, the results were 
analogous.  The highest fiters were attained in those weighing between 64 and 
83 gin.  Sexual maturity in rats (12) as indicated by the onset of an abrupt gain 
in weight of the ovaries begins when a weight of about 50 gin. has been attained. 
The relatively greater increases in antibodies in this species began at that point. 
Burky (13) observed that rabbits less than 4 months old were insusceptible  to 
the toxic action of a very poisonous broth filtrate of staphylococci, while  the ma- 
jority of rabbits above this age reacted characteristically to intracutaneous injec- 
tions and succumbed after receiving this toxin intravenously. 
The observations mentioned indicate that immunological reactivity 
is greater in adults than in infants, and that the major increase takes 
place concomitantly with the phase of sexual maturation.  The maxi- 
mal  degree  of  immunological  reactivity,  however,  seems  to  be 
reached just at  the point at  which physiological sexual maturity is 
attained,  with  a  subsequent  slight  decline during continued adult 
life.  It is to be borne in mind that in the experiments quoted no dis- 
tinction was made between the sexes. 
EXPERIMENTAL 
In the experiments described here, rabbits of both sexes and of varying ages are 
compared in their responses to small doses of horse serum given intracutaneously. 
The method employed and the character of the reactions studied are described in 
detail elsewhere (14).  Briefly, an original injection of 0.1 cc. is followed at inter- 
vals of 3 days by repeated doses of 0.501  cc.  The establishment of hypersensi- 
tivity to horse serum is indicated by the occurrence of a secondary reaction at the 
site of the original injection, by the development of lesions following the repeated 
test doses, and by the appearance of blood serum precipifins.  Increased reactivity 
of the individual is manifest by an acceleration and intensification in the develop- 
ment of the signs of hypersensitivity.  The rabbits compared were for the most 
part  of a  hybrid  Englishdilac-Havana  stock,  bred  and  raised  under  identical 
conditions at The Rockefeller Institute.  One group only consisted in adult New 
Zealand Reds secured from a  dealer.  Although the age of most of the animals 
was known, it has been found more convenient to express the degree of develop- 
ment by weight rather than by age. 
Experiment/.--Seventeen male rabbits  ranging in weight from 980 to 3,050 
gin. were treated with horse serum in the manner outlined.  The results are indi- 
cated in Table I.  In the 13 individuals weighing less than 1,700 gin. no secondary 
reactions occurred, only small lesions developed in 4 animals following test  doses 
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on the 6th and 9th days; and blood serum  precipifins were distinctly present in 
only one instance on the 15th day.  In contrast, those weighing 1,700 gin. or more 
aU developed secondary  reactions,  most  of  them  responded  to  small  test  doses 
given on the 6th day, while all showed quite intense lesions to tests on the 9th day; 
TABLE  I 
Responses of Male Rabbits to Small Doses of Horse Serum Intraculaneously 
Rabbit  Weight 
No.  Secondary 
reaction 
on day 
Cutaneous lesions  Precipifin reactions 
Dose* 
~.001 cc.  0,001  cc.  0.001 cc. 
Day 3  Day 6  Day 9 
gm. 
R37-87  950  0  0  0  0 
R37-86  980  0  0  0  0 
R37-85  1,000  0  0  0  20 x  v. 
R37-83  1,075  0  0  0  0 
R37-84  1,080  0  0  0  0 
R37-79  1,135  0  0  0  0 
R37-82  1,170  0  0  0  0 
R37~,77  1,170  0  0  0  0 
R37-80  1,180  0  0  0  0 
R37-75  1,375  0  0  0  7 x p. 
R37-03  1,475  0  0  0  0 
R3~79  1,480  0  0  12 x p.  0 
R37-94  1,550  0  0  0  21 x 0.5 
R36-93  1,700  8  0  15 x v.  24 x 1 + 
R36-98  1,850  7  0  0  15 x v. 
R37-33  2,860  9  0  13 x 0.5  22 x 2 
R37-55  3,050  9  0  20 x 1.5  22 x 1.5+ 
1:1,000 dilution 
Day 6  Day 9 
-  + 
Day 15 
-4- 
+ 
+ 
-4- 
-4- 
-4- 
-4- 
± 
-4- 
-4- 
-4- 
++ 
+± 
++± 
Size of cutaneous lesions:  average diameter x  estimated height in millimeters. 
v  =  visible only; p  =  just palpable. 
Animals indicated below the double line weighed 1,700 gin. or more. 
* Doses of horse serum intracutaneously:  0.1  cc. on 1st day, and 0.001  cc. as 
indicated. 
and each individual showed precipitins in good titer by the 15th day.  An accelera- 
tion and an intensification in the development of sensitivity is quite evident in the 
males weighing more than 1,700 gin. 
Experiment  2.--Thirteen female rabbits weighing from 990 to 4,080 gin. were 
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and precipitins appeared irregularly within the group.  There was no indication 
that the degree of reactivity increased with advancing age. 
Experiment 3.--In further studies males were compared with females of approxi- 
mately the same age.  The results, including animals used in Experiments 1 and 
2, are shown in Table III.  In Group A males and females weighing less than 1,700 
gin. each are compared.  The cutaneous lesions following the test dose on the 9th 
day were of about equal intensity, and the precipitin titrations on the 15th day 
were similar.  As may be noted also in Experiments 1 and 2, the degree of reac- 
tivity was about the same in both sexes before a weight of 1,700 gin. was reached. 
TABLE  II 
Responses of Female Rabbils go Small Doses of Horse Serum Intracutaneously 
Cutaneous lesions  Preclpltln  reactions 
Rabbit  Dose 
No.  Weight  Second.  1:1,000 dilution 
re~car~o  n 0.001 cc.  0.001  ec.  0.001 cc. 
on day 
Day 3  Day 6  Day 9 
gm. 
R36-90  990  0  0  0  17 x 0.5 
R36-78  1,500  0  0  0  0 
R36-91  1,500  0  0  0  0 
R37-01  1,530  0  0  0  0 
R36-97  1,550  9?  0  0  18 x 0.5-+- 
R36-93  1,600  0  0  0  0 
R36-99  1,850  0  0  0  0 
R37 -02  1,880  0  0  0  0 
R37 - 98  1,900  0  0  0  0 
R37-95  1,950  0  0  0  15 x  v. 
R37-96  2,000  6  0  22 x p.  20 x v. 
R37-30  3,470  0  0  0  0 
R37-31  4,080  0  0  0  0 
Day 5  Day 9  Day 12 
+ 
+ 
+ 
÷± 
Day 15 
++ 
In Group B males and females weighing over 1,700 gm. are compared.  The 
older females developed sensitivity in a manner comparable to the younger indi- 
viduals of both sexes.  In contrast, the males over 1,700 gm. in weight showed 
secondary reactions, and distinct lesions to small test doses on the 6th and 9th 
days, while  precipitins  were uniformly present  in good titer  by the  15th  day. 
Group C was similar to Group B in respect of maturity, but received an original 
sensitizing dose of 0.2 cc. instead of 0.1  cc.  The same differences in reactivity, 
however, were manifest:  In individuals weighing more than 1,700 gin. sensitivity 
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The  results  of  these  experiments  indicate  that  male  and  female 
rabbits respond to horse serum in about the same manner before they 
have attained  a  weight of  1,700  gm.;  that  is,  to  about  the  age of  13 
TABLE  III 
Responses  of Male and Female  Rabbits  of Different  Age Groups  to Small Doses of 
Horse  Serum Intracutaneously 
Group A 
Under 1,700 
gin.  in 
weight 
Group B 
Dver  1,700 
gm.  in 
weight 
Cutaneous lesions 
reacuons 
Rabbit  Weight  Sex  ~  0.001 
No. 
O~  ~o 
gin.  : 
R37-90  990  Female  0  0 
R37-87  1,500]  "  0  0 
R37-97  1,55(]  "  9  0 
R37-86  980  Male  0  0 
R37-82  1,170  "  0  0 
R37-94  1,550  "  0  0 
P,37-95  1,95{] Female  0  0 
R37-96  2,00C  "  6  0 
R37-30  3,470  "  0  0 
R37-31  4,080  "  0  0 
R37-93  1,700 Male  8  0 
R37-98  1,850  "  7  0 
R37-35  2,86C  "  9  0 
R37-33  3,05C  "  9  0 
R37-28  4,085  Female  10  0 
Group C*  R37-29  4,19C  "  10  0 
Over  1,700 
gin.  in  R37-32  2,830  Male  7  0 
weight  R37-34 3,08C  "  8  0 
0.001  cc.  0.001 cc. 
Day 6  Day 9 
0  17x0.5 
0  0 
0  18x0.5+ 
0  0 
0  0 
0  21x0.5 
0  15xv. 
22xp.  20xv. 
0  0 
0  0 
15 x v.  24 x 1+ 
0  15xv. 
20 x 1.5--  22 x 1.5-{- ..... 
13 x 0.5  22 x 2 
0  18x0.5 
0  17xl 
20 x 2  32 x 2.5 
16 x 1  22 x 1.5-{- 
i:  1,000 
dilution 
-4- 
+ 
q- 
++ 
.....  ++ 
--{-  +± 
+#4- 
.....  -{--{-  :t: 
+ 
-{--{- 
+-{- 
* Group C received 0.2 cc. of horse serum on 1st day. 
weeks.  With  advancing  age  beyond  this  point  only males  show  an 
increasing  reactivity.  The  situation  may  be  represented  schemat- 
ically as shown in Chart  1. MAI~  P.  $CHULTZ  345 
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C~ART 1 
In attempting an analysis of the divergence in character of response 
with  advancing  age  in  the  sexes  two  possible  explanations  suggest 
themselves:  (1) There are factors peculiar to the male associated with 
physiological  maturation  which  are  responsible  for  increasing  im- 
munological  reactivity  in  that  sex.  (2)  The  effect  of physiological 
maturation  obtains in both sexes but  is not evident in the female be- 
cause  a  coincident  nullifying  influence  comes into play.  The  latter 
explanation is rendered plausible by the fact that females of the stock 
employed usually go into heat at the age of 13 weeks, when a weight 
of 1,700 gin. has been attained, while it is just at this stage of develop- 
ment that  the  divergence  between the  sexes in respect  of reactivity 
to horse serum is first manifest.  In view of this fact, and because the 
factor  of  estrus  can  be  subjected  to  experimental  investigation  the 
following  experiment was  devised. 
Experiment 4.--Twelve adult rabbits (2,300 to 3,000 gln.)  were divided into 
three groups: Group A comprised 4 males which were subjected to simple laparot- 
omy; Group B, 4 females similarly handled; and Group C, 4 females subjected to 
ovariectomy.  2 weeks after the operations, the animals were all tested with horse 
serum, and observations were continued for 5 weeks.  Because low grade strepto- 
coccal infections have been found to increase reactivity to horse serum (13), the 
wounds were observed closely during life and examined carefully at autopsy to 
determine whether or not infection had developed.  No correlation, however, was 346  SEXUAL  MATURITY  AND  REACTIVITY  TO  SERUM 
found between the amount of inflammation in the wounds and the degree of reac- 
tion to horse serum. 
The  results of the  tests with horse  serum  are  shown  in  Table  IV. 
One-half the males (Group A) had secondary reactions and 3  of them 
showed cutaneous reactions to test doses on the 9th day.  In one ani- 
mal precipitins were detected on the 12th day, and  they were present 
TABLE  IV 
Responses of Male, Female, and Ovariectomized Female Rabbits to Small Doses of 
Horse Serum Intracutaneously 
Rabbit  No.  Second. 
raruY.o~  0.001  cc.  0,001 cc.  0.001 cc. 
on day 
Day 9  Day 12  Day 15 
Group A  R39-66  8  20 x  0.5*  22 x  1  24 x  2 
,aparotomized  R39-67  9  12 x v.  15 x v.  "18 x 0.5 
mltles  R39-68  0  21 x0.5  21 x 1  18 x 0.5 
R39-70  0  0  18 x  v.  18 x  p. 
Group B  R39-56  10?  v. & p.  22 x 1  32 x 2 
~paxotomized  R39-59  0  0  0  v. & p. 
females  R39-61  0  0  26 x p.  21 x 0.5 
R39-63  0  0  17 x p.  18 x 0.5 
Group C  R39-54  11  10 x p.  15 x 1  20 x p. 
)variectomized  R39-55  9  13 x p.  17 x 0.5  19 x 0.5 
females  R39-57  8  10 x  p.  18 x  0.5"  20 x  0.5 
R39-60  6  23 x  p.  26 x  0.5"  25 x  0.5 
Cutaneous lesions  Precipitin reactions 
Dose 
1:1,000 dilution 
D~y  Day  D2~Y Day 29  15 
+  ++  ++  +++ 
+± 
+  ++ 
+ 
-  ±  ++  ++ 
±  -- 
+  -k± 
+±  +± 
+ 
+  +  +±  ++ 
* Definitely elevated lesions are underlined. 
in good titer in 3  by the 29th day.  All the castrated females (Group 
C)  showed  secondary  reactions  and  slight  cutaneous  lesions  to  test 
doses on the 9th day.  Precipitins appeared in about the same concen- 
tration  as  in  Group  A.  The  females  subjected  to  laparotomy  only 
(Group B), in contrast to the animals in the other two groups, had no 
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doses on the 9th day, and showed in only one individual precipitins in 
concentration  comparable to that in the other groups.  The findings 
indicate that  adult female rabbits with intact  ovaries develop sensi- 
tivity to horse serum more slowly and less intensely than do males or 
castrated females. 
At operation the uteri of all the animals in Group B were large and 
red, indicating that at the start of the experiment all members of this 
TABLE  V 
Responses of Laparotomized and Ovariectomized Female Rabbits to Small Doses of 
Horse Serum Intracutaneonsly 
Rabbit  No.  Operation 
R38-78  Laparotomy 
R38-77  " 
R38-80  Ovariectomy 
R38-75  Laparotomy 
R38-76  " 
R38-85  Ovariectomy 
R38-86  " 
R38-81  " 
11.0 
11.25 
8.25 
7.5 
7.5 
5.25 
4.0 
3.5 
per 
cen~ 
0.48 
0.42 
0.38 
0.36 
0.28 
0.20 
0.16 
0.1~ 
=  O.OOl  cc. 
!~  Day 5 
0  0 
0  0 
9?  0 
9  0 
8  16 x0.5 
6  22x 1.5 
6  0 
7  12xv. 
Cutaneous  lesions  Precipi- 
tin re- 
Dose  actions 
0.001 cc.  l: 1,000 
Day 6 
0 
0 
0 
16x 1-- 
20x 1+ 
18x 1.5 
20x 1.5 
17xl 
0.001 cc.  0.001 cc. 
Day 9  Day 12 
'20xl  0 
15 x 0.5  25 x 0.5- 
20x1+  35 x 1.5 
21x1+  24xv 
33 x 2.5  55x2 
:42x3  40 x 2.5 
47 x 3  53 x 3-- 
23 x 1.5  30x2 
Day 12t 
+ 
++ 
++ 
+++ 
++ 
. Weight of uterus and vagina 
100 gm. body weight 
t Precipitin reactions on 9th day were all negative. 
group were in heat.  Autopsies were not performed until  2½ months 
later, but at that time the uteri in Group B were large and red in con- 
trast to the atrophic pale uteri in Group C.  There was no proof, how- 
ever,  that  such a  uniform difference existed in  the uteri  of the  two 
groups  several  weeks earlier  when  differences in  reactivity to  horse 
serum  were being manifest.  It may be noted,  also,  that  in  general 
skin lesions were smaller than in unoperated animals, suggesting that a 
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effects of operation in experiments of this character.  A  fifth experi- 
ment  was,  therefore,  devised in  which  these  disturbing  factors were 
reduced to a  minimum. 
Experiment 5.--Eight adult female rabbits were subjected to laparotomy at 
which time the ovaries were removed from 4 of them.  A period of 1 month was 
allowed for recovery, and autopsies were performed 13 days after the first injection 
of horse serum.  In other particulars,  Experiment 4 was repeated.  The results 
are shown in Table V, ordered according to the degree of estrus  present in each 
animal as evidenced by the relative weights of the uteri at autopsy.  Those at the 
top of the list had relatively large uteri and were definitely in heat; those at the 
bottom with small uteri were not.  It is to be noted that in one instance (R 38-80) 
the object of the ovariectomy was not accomplished, for although at autopsy no 
residual ovarian tissue could be identified  grossly, the general appearance of the 
uterus indicated that the animal was in heat.  In at least one instance (R 38-76) 
although the ovaries were intact the uterus was not in the estrus stage. 
Probably in consequence of the long recuperative interval after operation in this 
experiment, cutaneous lesions developed in characteristic fashion.  The test with 
horse serum indicated a  distinct  difference  in degree of reactivity between the 
animals definitely in heat and those in which atrophy of the uterus had taken place, 
with a gradual transition between the two extremes.  The two individuals (R 38- 
78 and R 38-77) with very large uteri and intact ovaries had no secondary reactions, 
showed only slight cutaneous lesions to test doses of 0.001 cc. beginning on the 9th 
day, and did not develop precipitins by the 12th  day.  The 3 castrated rabbits 
with very small uteri (R 38-85, R 38-86, and R 38-81) all had early secondary reac- 
Lions, showed skin reactivity to test doses of 0.001 cc. beginning on the 5th day 
and becoming quite intense on the 9th and 12th days, and all developed precipitins 
in good titer by the 12th day. 
DISCUSSION 
These  experiments indicate  that  in  male rabbits  of the  stock  em- 
ployed reactivity to  horse  serum injected  intracutaneously  increases 
with age after 13 weeks, or, in other words, after a  weight of approxi- 
mately  1,700  gin.  is  attained.  In  normal  females in  estrus  this  in- 
crease  does  not  occur  with  advancing  age.  Although  castrated  fe- 
males  showed  increasing  reactivity  coincident  with  the  absence  of 
estrus, the degree of increase was insufficient to account for the  diver- 
gence exhibited between adult male and female rabbits.  It seems prob- 
able, therefore,  that  there may be some additional  factor besides es- 
trus to account for the differences in reactivity in the two sexes  after 
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Friedberger's work demonstrating that in  rabbits  there is  an  in- 
crease in normal hemolytic amboceptor from the 8th to the 88th days 
of life with a subsequent slight fall has been mentioned.  An inspec- 
tion of the protocols of his experiments indicates that although the 
rise in titer was evident in each of the 20 animals studied, the slight 
fall after the 88th day was confined to the 15 females, while the con- 
centrations of this antibody continued to rise irregularly in the 5 males. 
In our experiments, the divergence between males  and females oc- 
curred  after  the  13th  week (91st day).  Friedberger's experiments, 
therefore, appear to indicate that the concentration of normal hem- 
olytic  amboceptor is  affected  by the same factors  which influence 
reactivity to horse serum. 
We have found no other record of analogous immunological obser- 
vations.  The experiments of Barron (15) indicate, however, that re- 
activity to drugs may be conditioned in a comparable manner by the 
character  of  sexual maturity.  In  administering sodium amytal  to 
rats varying between 30 and 400 gm. in weight, he found that the 
quantity required to produce deep non-fatal anesthesia became greater 
with increasing weight in males.  Females responded similarly until 
a weight of 60 gin. was reached, but thereafter they required a rela- 
tively smaller quantity.  The tolerance of males beyond this period, on 
the other hand, increased sharply.  This sex difference appeared at 
an age when the ovaries begin to increase rapidly in weight. 
SUMMARY 
I.  Normal rabbits in the course of their development, after infancy, 
vary in their responses to minute doses of horse serum given intra- 
cutaneously. 
2.  There is increased reactivity in males as they mature, beginning, 
in the stock employed in these experiments, at about the age of 13 
weeks when a weight of 1,700 gm. has been attained. 
3.  The reactivity of normal females remains at a constant level and 
the increase demonstrated in males does not take place. 
4.  The divergence in degree of reactivity between males and females, 
beginning with  the  establishment of  estrus,  indicates  that  factors 
associated with sexual maturity in females are responsible for their 
low reactivity. 350  SEXUAL  MATURITY  AND  REACTIVITY  TO  SERUM 
S.  The  suppression  of  estrus  by operative  removal  of  the  ovaries 
results in an increase of reactivity which, however, in the experiments 
reported here is probably not great enough to account entirely for the 
difference in reactivity between mature males and females. 
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